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Abstract
We analyse the angular distributions of the Σ0 → Λ0γ decay rate in the lab-
oratory and in the rest frame of the Σ0 – hyperon in the dependence on baryon
polarizations. We calculate the dynamical polarization vector of the Λ0 – hyperon.
Within the Effective quark model with chiral U(3)×U(3) symmetry (PRC 59, 451
(1999)) we calculate the transition magnetic moment µΣ0Λ0 . The theoretical value
µΣ0Λ0 = − 1.62, measured in nuclear magnetons, agrees well with the experimental
data |µexp
Σ0Λ0
| = (1.61 ± 0.08) and the theoretical result, predicted within the naive
quark model µΣ0Λ0 = (
√
3/4)(µΣ− − µΣ+) = (− 1.57 ± 0.01).
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1 Introduction
The Effective quark model with chiral U(3) × U(3) symmetry [1] has been successfully
applied to the calculation of the non–leptonic decays of charmed Λ+c – baryon [2, 3], the
S–wave amplitudes of K¯N and K−d scattering at threshold [5, 6] and the analysis of
the polarization properties of the Λ0 – hyperon, produced from the Quark–gluon plasma
[7]. The value of the σπN – term, σπN = 60MeV calculated within the Effective quark
model with chiral U(3) × U(3) symmetry [1], agrees well with the experimental value
σexpπN = 61
+1
− 4MeV, extracted from the experimental data on the energy level displacement
of the ground state of pionic hydrogen [4].
In this paper we apply the Effective quark model with chiral U(3)×U(3) symmetry to
the calculation of the transition magnetic moment µΣ0Λ0 , responsible for the Σ
0 → Λ0+γ
decay. A new interest to this decay is connected with the experimental search for the
Kaonic Nuclear Cluster K−pp state (the KNC 2
K¯
H) [8], predicted within the Potential
model approach by Akaishi and Yamazaki [9] and the Phenomenological quantum field
theory model in [10]. Experimentally the existence of the KNC 2
K¯
H is analysed by means
of the invariant–mass spectrum of the Λ0p pair, induced by the decays 2
K¯
H→ Λ0 + p and
2
K¯
H→ Σ0 + p. Due to the decay Σ0 → Λ0 + γ the experimental invariant–mass spectrum
of the Λ0p pair should contain two peaks. One of these peaks is located at the mass of
the KNC 2
K¯
H. It is defined by the 2
K¯
H→ Λ0+ p decay. Another one is shifted to left from
the mass of the KNC 2
K¯
H by about 78MeV. This shift is defined by the photon energy in
the 2
K¯
H→ Σ0 + p→ Λ0 + γ + p cascade decay.
The paper is organized as follows. In Section 2 we calculate the angular distributions
of the Σ0 → Λ0γ decay rate in the laboratory and in the rest frame of the Σ0 – hyperon in
dependence on the polarizations of the baryons. We calculate the dynamical polarization
vector of the Λ0 – hyperon. In Section 3 we calculate the transition magnetic moment
µΣ0Λ0 = − 1.62, measured in nuclear magnetons. The calculation is carried out in the
Effective quark model with chiral U(3) × U(3) symmetry. The theoretical result agrees
well with the experimental value |µ(exp)Σ0Λ0| = (1.61±0.08) [11] and the theoretical prediction
within the naive quark model µΣ0Λ0 = − 1.57 ± 0.01 [12]. In the Conclusion we discuss
the obtained results.
2 Angular distribution of the Σ0 → Λ0γ decay rate
The Σ0 → Λ0γ decay is the M1 electromagnetic transition. The amplitude of this tran-
sition is defined by
M(Σ0 → Λ0γ) =
√
4πα e∗µ(k, λ)〈Λ0(kΣ0 , σΣ0)|Jµ(0)|Σ0(kΛ0, σΛ0)〉, (2.1)
where Jµ(0) is the electromagnetic hadronic current, e∗µ(k, λ) is a polarization vector of a
photon and α = 1/137.036 is the fine–structure constant. Due to the M1 transition the
matrix element of the electromagnetic hadronic current is
〈Λ0(kΣ0, σΣ0)|Jµ(0)|Σ0(kΛ0 , σΛ0)〉 = − gΣ0Λ0 u¯Λ0(kΛ0 , σΛ0)σµνkνuΣ0(kΣ0 , σΣ0), (2.2)
where σµν = (γµγν − γνγµ)/2, gΣ0Λ0 is the effective coupling constant of the transi-
tion Σ0 → Λ0, caused by strong low–energy interactions, and k = kΣ0 − kΛ0, and
2
u¯Λ0(kΛ0, σΛ0) and uΣ0(kΣ0, σΣ0) are the bispinors of the Λ
0 and Σ0 hyperons, normalized
by u¯Y (kY , σY )uY (kY , σY ) = 2mY for Y = Σ
0 and Λ0.
The width of the Σ0 → Λ0γ decay for unpolarized baryons is proportional to
1
2
∑
σ
Λ0
=±1/2
∑
σ
Σ0
=±1/2
∑
λ=±1
|M(Σ0 → Λ0γ)|2 =
= 2παg2Σ0Λ0
∑
λ=±1
e∗µ(k, λ)eα(k, λ)kνkβ tr{(mΣ0 + kˆΣ0)σµν(mΛ0 + kˆΛ0)σαβ} =
= 2παg2Σ0Λ0
∑
λ=±1
e∗µ(k, λ)eα(k, λ)kνkβ tr{kˆΣ0σµν kˆΛ0σαβ} = 32πα g2Σ0Λ0(k · kΣ0)(k · kΛ0) =
= 32πα g2Σ0Λ0 m
2
Σ0ω
2
0, (2.3)
where ω0 = (m
2
Σ0 −m2Λ0)/2mΛ0 = 74.5MeV [11] is the photon energy in the rest frame of
the Σ0 – hyperon.
The width of the Σ0 → Λ0γ decay is equal to
Γ(Σ0 → Λ0γ) = α
π
g2Σ0Λ0
mΣ0
∫
δ(4)(kΛ0 + k − kΣ0) (k · kΣ0)2 d
3kΛ0
EΛ0(~kΛ0)
d3k
ω(~k)
=
= 4αg2Σ0Λ0 ω
3
0. (2.4)
Using the experimental value for the width of the Σ0 → Λ0γ decay Γexp(Σ0 → Λ0γ) =
(8.9 ± 0.8) × 10−3MeV [11] we get gΣ0Λ0 = (8.6 ± 0.4) × 10−4MeV−1. The effective
coupling constant gΣ0Λ0 can be expressed in terms of the transition magnetic moment
gΣ0Λ0 = µΣ0Λ0/2mN , where |µΣ0Λ0 | = 1.61± 0.08 [11].
In the laboratory frame, where the Σ0 – hyperon moves with a velocity ~vΣ0 = ~kΣ0/EΣ0 ,
the angular distribution of the Σ0 → Λ0γ decay rate can be investigated with respect to
both the relative angle ϑΣ0Λ0 of the Σ
0Λ0 pair and the relative angle ϑΣ0γ of the Σ
0γ pair.
For the unpolarized baryons the angular distribution of the Λ0 – hyperon relative to
the direction of the motion of the Σ0 – hyperon is
4π
dB(Σ0 → Λ0γ)
dΩΣ0Λ0
=
1
γΣ0ω0
~k 2Λ0
√
1− ~v 2Σ0
|~kΛ0| − EΛ0 |~vΣ0| cosϑΣ0Λ0
, (2.5)
where γΣ0 = 1/
√
1− ~v 2Σ0. The kinematical parameters of the baryons are related by
EΛ0 − |~kΛ0||~vΣ0| cosϑΣ0Λ0 = (mΣ0 − ω0)/γΣ0. This allows to obtain the energy spectrum
of the Λ0 – hyperon
dB(Σ0 → Λ0γ)
dEΛ0
=
1
2γΣ0|~vΣ0 |ω0 . (2.6)
In turn, the angular distribution of the photon relative to the direction of the motion of
the Σ0 – hyperon takes the form
4π
dB(Σ0 → Λ0γ)
dΩΣ0γ
=
1
4πγ2Σ0
1
(1− |~vΣ0| cosϑΣ0γ)2 . (2.7)
3
The photon energy in the laboratory frame is related to the photon energy in the center of
mass frame as ω0 = γΣ0ω (1−|~vΣ0| cosϑΣ0γ). This allows to calculate the energy spectrum
of the photon
dB(Σ0 → Λ0γ)
dω
=
1
2γΣ0|~vΣ0|ω0 =
1
ω+ − ω− , (2.8)
where ω+ = ω0/γΣ0(1− |~vΣ0|) and ω− = ω0/γΣ0(1 + |~vΣ0|) are the maximal and minimal
energy of the photon, emitted by the Σ0 – hyperon in the laboratory frame.
In the rest frame of the Σ0 – hyperon the angular distribution of the decay rate is equal
to
4π
dB(Σ0 → Λ0γ)
dΩΛ0
= 1, (2.9)
where dΩΛ0 = 2π sin ϑΛ0dϑΛ0 and ϑΛ0 is polar angle relative to the momentum ~kΛ0 = −~k
of the Λ0 – hyperon at the rest frame of the Σ0 – hyperon and ϑγ = π − ϑΛ0 .
For the polarized hyperons, which we denote as ~Σ0 and ~Λ0, the expression (2.3) changes
as follows [13] (see also [14]):
∑
λ=±1
|M(~Σ0 → ~Λ0γ)|2 = 2παg2Σ0Λ0
∑
λ=±1
e∗µ(k, λ)eα(k, λ)kνkβ
× tr{(mΣ0 + kˆΣ0)(1 + γ5ζˆΣ0)σµν(mΛ0 + kˆΛ0)(1 + γ5ζˆΛ0)σαβ}. (2.10)
Here ζˆY = γµζ
µ
Y for Y = Σ
0,Λ0, where ζµY is the 4–polarization vector of the Y – hyperon
[13] (see also [14]):
ζµY =
(~kY · ~ξ Y
mY
, ~ξ Y +
~kY (~kY · ~ξ Y )
mY (EY (~kY ) +mY )
)
, (2.11)
where ~ξY is a 3–dimensional polarization vector of the Y – hyperon, normalized to unity
~ξ 2Y = 1. The polarization vector ζ
µ
Y satisfies the constraints ζ
2
Y = −1 and kY · ζY = 0.
The result of the calculation of the trace in (2.10) is
∑
λ=±1
|M(~Σ0 → ~Λ0γ)|2 = 32παg2Σ0Λ0
{
(k · kΣ0)2 − (k · kΣ0)2(ζΣ0 · ζΛ0)
−mΣ0(mΣ0 +mΛ0) (k · ζΣ0)(k · ζΛ0)− 1
ω2
(k · kΣ0)2 (~k × ~ζΣ0) · (~k × ~ζΛ0)
− 1
ω2
(~k × ~kΣ0) · (~k × ~kΣ0) (k · ζΣ0) (k · ζΛ0) + 1
ω2
(k · kΣ0)(k · ζΛ0)(~k × ~kΣ0) · (~k × ~ζΣ0)
+
1
ω2
(k · kΣ0)(k · ζΣ0)(~k × ~kΛ0) · (~k × ~ζΛ0)
}
. (2.12)
We have carried out the summation over the transverse polarizations of the photon.
The angular distribution of the ~Λ0 – hyperon relative to the direction of the motion of
the ~Σ0 – hyperon can be written in the following general form [13]
4π
dB(~Σ0 → ~Λ0γ)
dΩΣ0Λ0
= 4π
dB(Σ0 → Λ0γ)
dΩΣ0Λ0
(1 + ~PΛ0 · ~ξΛ0), (2.13)
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where ~PΛ0 is a dynamical polarization vector of the Λ
0 – hyperon. Following the procedure
expounded in [13] we obtain
~PΛ0 =
{mΣ0 +mΛ0
mΣ0ω
2
0
(kΛ0 · ζΣ0)− (
~kΣ0 × ~kΛ0)2
|~kΣ0 − ~kΛ0 |2
kΛ0 · ζΣ0
m2Σ0ω
2
0
− (
~kΣ0 × ~kΛ0) · ((~kΣ0 − ~kΛ0)× ~ζΣ0)
|~kΣ0 − ~kΛ0 |2mΣ0ω0
}
×
[
EΣ0
~kΛ0
mΛ0
− ~kΣ0 − (
~kΣ0 · ~kΛ0)~kΛ0
mΛ0(EΛ0 +mΛ0)
]
−
(~kΣ0 · ~ζΣ0
EΣ0
) ~kΛ0
mΛ0
+
(~kΛ0 · ~ζΣ0)~kΛ0
mΛ0(EΛ0 +mΛ0)
+
1
|~kΣ0 − ~kΛ0|2
{
((~kΣ0 − ~kΛ0) · ~ζΣ0)(~kΣ0 − ~kΛ0)− (((
~kΣ0 − ~kΛ0)× ~ζΣ0) · (~kΣ0 × ~kΛ0))~kΛ0
mΛ0(EΛ0 +mΛ0)
+
kΛ0 · ζΣ0
mΣ0ω0
[
(~kΣ0 × ~kΛ0)× (~kΣ0 − ~kΛ0) + (
~kΣ0 × ~kΛ0)2~kΛ0
mΛ0(EΛ0 +mΛ0)
]}
. (2.14)
In the rest frame of the ~Σ0 – hyperon the dynamical polarization vector of the ~Λ0 – hyperon
takes the form
~PΛ0 = −mΣ
0
mΛ0
(~nΛ0 · ~ξΣ0)~nΛ0 , (2.15)
where ~nΛ0 = ~kΛ0/ω0. Since in the rest frame of the ~Σ
0 – hyperon ~kΛ0 = −~k, ~nΛ0 is a unit
vector ~n 2Λ0 = 1.
The dynamical polarization of the ~Λ0 – hyperon, averaged over all directions of the
vector ~nΛ0 , amounts to
〈~PΛ0〉 = − 1
3
mΣ0
mΛ0
~ξΣ0 . (2.16)
Our results (2.15) and (2.16) agree well with those obtained in [15]–[17].
3 Transition magnetic moment µΣ0Λ0
The transition magnetic moment µΣ0Λ0 responsible for the Σ
0 → Λ0+γ decay is related to
the effective coupling constant gΣ0Λ0 by µΣ0Λ0 = 2mNgΣ0Λ0 . The calculation of the effective
coupling constant gΣ0Λ0 we carry out in the Effective quark model with chiral U(3)×U(3)
symmetry [1]–[7]. For this aim we calculate the matrix element of the electromagnetic
hadronic current 〈Λ0(kΣ0, σΣ0)|Jµ(0)|Σ0(kΛ0, σΛ0)〉.
After the application the reduction technique and the equations of motion [1, 2] the
matrix element 〈Λ0(kΣ0, σΣ0)|Jµ(0)|Σ0(kΛ0 , σΛ0)〉 takes the form
〈Λ0(kΣ0 , σΣ0)|Jµ(0)|Σ0(kΛ0, σΛ0)〉 = − 1
2
g2B
∫
d4xd4y e ikΛ0 · x− ikΣ0 · y
× u¯Λ0(kΛ0, σΛ0) 〈0|T(ηΛ0(x)Jµ(0)η¯Σ0(y))|0〉c uΣ0(kΣ0, σΣ0), (3.1)
where T is a time–ordering operator, the index c in 〈0| . . . |0〉c means the calculation of
the connected part of the vacuum expectation value, Jµ(0) is the electromagnetic quark
current
Jµ(0) =
2
3
u¯ℓ(0)γµuℓ(0)− 1
3
d¯ℓ(0)γµdℓ(0)− 1
3
s¯ℓ(0)γµsℓ(0), (3.2)
5
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Figure 1: Feynman diagrams of the Σ0 → Λ0 transition in the Effective quark model with
chiral U(3)× U(3) symmetry.
where uℓ(0), dℓ(0) and sℓ(0) are current quark fields. The summation over the “colour”
index ℓ = 1, 2, 3 is assumed. Then, ηΛ0(x) and η¯Σ0(y) are the three–quark densities
[1, 2, 18]
ηΛ0(x) = −
√
2
3
εijk{[u¯ci(x)γµsj(x)] γµγ5dk(x)− [d¯ci(x)γµsj(x)] γµγ5uk(x)},
ηΣ0(x) = −
√
1
2
εijk{[u¯ci(x)γµdj(x)] γµγ5sk(x) + [d¯ci(x)γµuj(x)] γµγ5sk(x)} (3.3)
coupled to the Λ0 and Σ0 hyperons [1, 2]
Leff(x) = gB√
2
Λ¯0(x) ηΛ0(x) +
gB√
2
Σ¯0(x) ηΣ0(x) + h.c.. (3.4)
The three–quark density η¯Σ0(x) is equal to
η¯Σ0(x) = +
√
1
2
εijk{s¯i(x)γµγ5[d¯j(x)γµuck(x)] + s¯i(x)γµγ5[u¯j(x)γµdck(x)]}. (3.5)
The coupling constant gB is calculated in [1, 19]: gB = 1.37× 10−4MeV−2.
The matrix element (3.1) is defined by Feynman diagrams in Fig.1. In the coordinate
representation the analytical expression of the matrix element (3.1) takes the form
〈Λ0(kΣ0, σΣ0)|Jµ(0)|Σ0(kΛ0, σΛ0)〉 = −
√
3
2
g2B
∫
d4xd4y e ikΛ0 · x− ikΣ0 · y
× u¯Λ0(kΛ0 , σΛ0)γαγ5S(d)F (x− y)γβS(u)F (y)γµS(u)F (−x)γαS(s)F (x− y)γβγ5uΣ0(kΣ0, σΣ0)
−
√
3
2
g2B
∫
d4xd4y e ikΛ0 · x− ikΣ0 · y tr{γαS(s)F (x− y)γβS(d)F (y − x)}
6
× u¯Λ0(kΛ0 , σΛ0)γαγ5S(u)F (x)γµS(u)F (−y)γβγ5uΣ0(kΣ0, σΣ0)
−
√
3
2
g2B
∫
d4xd4y e ikΛ0 · x− ikΣ0 · y
× u¯Λ0(kΛ0 , σΛ0)γαγ5S(u)F (x− y)γβS(d)F (y)γµS(d)F (−x)γαS(s)F (x− y)γβγ5uΣ0(kΣ0, σΣ0)
−
√
3
2
g2B
∫
d4xd4y e ikΛ0 · x− ikΣ0 · y tr{γαS(s)F (x− y)γβS(u)F (y − x)}
× u¯Λ0(kΛ0 , σΛ0)γαγ5S(d)F (x)γµS(d)F (−y)γβγ5uΣ0(kΣ0 , σΣ0). (3.6)
We have taken into account that only the isovector part (u¯ℓ(0)γµuℓ(0)− d¯ℓ(0)γµdℓ(0))/2
of the electromagnetic current gives the contribution to the transition Σ0 → Λ0.
In the momentum representation Eq.(3.6) reduces to the form
〈Λ0(kΣ0, σΣ0)|Jµ(0)|Σ0(kΛ0, σΛ0)〉 =
√
3
2
g2Bu¯Λ0(kΛ0, σΛ0)
∫
d4k1
(2π)4i
d4k2
(2π)4i
×
[
γαγ5
1
md − kˆ2
γβ
1
mu − kˆ1
γµ
1
mu − kˆΣ0 + kˆΛ0 − kˆ1
γα
1
ms − kˆΣ0 − kˆ1 + kˆ2
γβγ5
+tr
{
γβ
1
md − kˆ2
γα
1
ms − kˆ2 − kˆΛ0 + kˆ1
}
γαγ5
1
mu − kˆ1
γµ
1
mu − kˆΣ0 + kˆΛ0 − kˆ1
γβγ5
+γαγ5
1
mu − kˆ2
γβ
1
md − kˆ1
γµ
1
md − kˆΣ0 + kˆΛ0 − kˆ1
γα
1
ms − kˆΣ0 − kˆ1 + kˆ2
γβγ5
+tr
{
γβ
1
mu − kˆ2
γα
1
ms − kˆ2 − kˆΛ0 + kˆ1
}
γαγ5
1
md − kˆ1
γµ
1
md − kˆΣ0 + kˆΛ0 − kˆ1
γβγ5
]
×uΣ0(kΣ0 , σΣ0). (3.7)
Applying the heavy–baryon technique, accepted for the analysis of baryon exchanges
within Chiral Perturbation Theory (ChPT) [20] (see also [21, 22] and [23]), to the calcu-
lation of the momentum integrals [1] we get (see also [6]):
gΣ0Λ0 =
g2B√
3
〈q¯q〉
mN
m
16π2
ℓn
(
1 +
Λ2χ
m2
)
= − 8.62× 10−4MeV−4, (3.8)
where 〈q¯q〉 is the quark condensate [1, 24]:
〈q¯q〉 = − 3m
4π2
[
Λ2χ −m2 ℓn
(
1 +
Λ2χ
m2
)]
= (− 253MeV)3, (3.9)
calculated at the normalization scale µ = Λχ, where Λχ = 940MeV is the scale of the
spontaneous breaking of chiral symmetry [1], and for mu = md = m = 330MeV, the
constituent quark mass defined in the chiral limit [1, 24]. For the calculation of the
integrals we have neglected the mass differences between Σ0, Λ0 and N and have set
mΣ0 = mΛ0 = mN . Hence, the accuracy of the theoretical value (3.8) is not better than
20%.
For the effective coupling constant (3.8) the transition magnetic moment µΣ0Λ0 is equal
to
µΣ0Λ0 = 2mNgΣ0Λ0 =
g2B√
3
〈q¯q〉 m
8π2
ℓn
(
1 +
Λ2χ
m2
)
= − 1.62, (3.10)
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which agrees well with both the experimental data |µexpΣ0Λ0 | = (1.61 ± 0.08) and the
theoretical value µΣ0Λ0 = (
√
3/4) (µΣ− − µΣ+) = (− 1.57 ± 0.01), obtained within the
naive quark model in terms of the magnetic moments of the charged Σ– hyperons µΣ− =
(− 1.160 ± 0.025) and µΣ+ = (2.458 ± 0.010) [11]. In the naive quark model the mag-
netic moments µΣ− and µΣ+ are defined in terms of the magnetic moments of constituent
quarks µΣ− = (4µd−µs)/3 and µΣ+ = (4µu−µs)/3. For the transition magnetic moment
µΣ0Λ0 this gives µΣ0Λ0 = (µd − µu)/
√
3 [12].
As a result of the calculation of the momentum integrals in Eq.(3.7) there appears the
term proportional to u¯Λ0γ
µuΣ0. Since in the heavy–baryon limit the spatial part of this
current u¯Λ0~γuΣ0 is of order of O(1/m
2
N), in the heavy–baryon limit it is equivalent to zero
relative to the contribution proportional to u¯Λ0σ
µνkνuΣ0. In turn, the time–component
u¯Λ0γ
0uΣ0 vanishes due to the orthogonality of the spinorial functions ϕ
†
Λ0ϕΣ0 = 0.
4 Conclusion
We have analysed the angular distribution of the Λ0 – hyperons, produced in the Σ0 → Λ0γ
decay, both in the laboratory and in the rest frame of the Σ0 – hyperon in dependence
on the polarizations of baryons. We have calculated the dynamical polarization vector of
the Λ0 – hyperon. The obtained results can be used for the analysis of the polarization
properties of the Σ0 – hyperons, produced in high–energy nucleus–nucleus collisions and in
the 2
K¯
H→ Σ0p decays of the Kaonic Nuclear Cluster 2
K¯
H (the deeply bound K−pp state).
A measurement of the polarization of the Σ0 – hyperon can be carried out through the
measurement of the polarization of the Λ0 – hyperon.
The partial width of the Σ0 → Λ0γ decay is defined by the transition magnetic moment
µΣ0Λ0. The calculation of µΣ0Λ0 we have carried out within the Effective quark model with
chiral U(3)×U(3) symmetry. The theoretical value µΣ0Λ0 = − 1.62 agrees well with both
the experimental one µexpΣ0Λ0| = (1.61 ± 0.08) and the predicted within the naive quark
model µΣ0Λ0 = (
√
3/4) (µΣ− − µΣ+) = (− 1.57± 0.01).
In our approach the transition magnetic moment µΣ0Λ0 does not depend on the mass
of constituent s – quark. This agrees well with the naive quark model, where µΣ0Λ0 is
defined by the magnetic moments of the constituent u – and d – quarks only: µΣ0Λ0 =
(
√
3/4) (µΣ− − µΣ+) = (µd − µu)/
√
3 [12].
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